Abstract: Epidemiological studies consistently show that prevalence of erectile dysfunction (ED) increases with ageing. Nonetheless, complaints of ED even in younger men are becoming more and more frequent.
Introduction
Erectile dysfunction (ED) is defined as a consistent or recurrent inability to attain and/or maintain penile erection sufficient for sexual satisfaction. This definition, which has been recently endorsed by the Fourth International Consultation on Sexual Medicine (ICSM) (1) , is based on a clinical principle which leaves room to the judgement of patients, being widely affected by their self-perception of normality. Furthermore, rather than focusing on possible causes of the dysfunction, it hinges on the sexual distress which it causes. This is consistent with the philosophy of Sexual Medicine, according to which, only symptoms creating despair are worthy of medical care. On the other hand, it carries the risk of over-or under-estimating a medical condition that does not have objective medical parameters of definition. This is particularly the case for
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Erectile dysfunction in fit and healthy young men: psychological or pathological?
Most of the studies involving younger men and conducting age-stratified analyses have been performed in Europe, where the prevalence of ED in men younger than 40 years ranges between 1% to 10% (3) (4) (5) (6) (7) (8) (9) (10) . The prevalence reported in these studies is highly variable due to different methodologies used in defining ED, population accrual, acquisition of data and choice of tools for investigating erectile function. A smaller number of studies on this topic have been conducted outside Europe. Both in Australia (11, 12) and in America (13) (14) (15) , the available information suggests a similar range of prevalence of ED among young subjects, with the same extent of variability among studies. According to these data, ED in younger men, although still not extensively studied and largely overlooked by the scientific community, is a quite common condition. In a recent study conducted in a Urology Clinic, it has been observed that one out of four men seeking medical care for ED was younger than 40 years (16) . In our Sexual Medicine and Andrology Unit, established in an Endocrinology setting at the University of Florence, medical consultations for younger men are infrequent, with a prevalence of men aged less than 40 years at only 14.1% of more than 3,000 men complaining of ED. However, when considering the new referrals to our Unit during the last 6 years, we can notice a progressive increase in prevalence of men below 40 years seeking medical care for ED ( Figure 1 ). According to these data, ED is becoming a common concern even among young men, and the clinical practitioner in sexual medicine must become aware of how to manage the problem and avoid underestimating a symptom. The identification of ED in a young man may potentially provide a great deal of useful information that can help improve their quality and even length of life.
Pathogenetic components of ED in young patients
ED has been for long time considered a problem mainly related to psychological conditions and distress. Accordingly, until phosphodiesterase type 5 inhibitors (PDE5i) were introduced, psychoanalysis and cognitivebehavioural therapy were the only option for ED. In the last few decades, ED has been recognized as a clinical consequence of several different organic diseases and the importance of vascular health in erectile function has been so emphasized that ED is now considered not only the result of vascular impairment, but also a harbinger of forthcoming cardiovascular (CV) events (17) . Despite the increasing attention of research towards organic mechanisms and conditions leading to ED, it is now known that considering this symptom as entirely due to organic disorders, is as imprecise as considering it only secondary to psychological conditions. In fact, this pathogenetic dichotomy is now obsolete (1, 18, 19) , because it is now known that ED is a multidimensional disorder deriving from the interaction of different components related to organic conditions, relational context and psychological status (20, 21) . Even when only one of these components is involved in the initial development of erectile impairment, eventually the other ones will appear, thus further worsening ED (21) (22) (23) Figure 2 ).
Organic component
As shown in Figure 2 , in younger patients consulting for ED, the organic component plays the predominant role. These data provide evidence for the need to adequately investigate possible organic causes of ED in younger and apparently fit men. The organic causes of ED can be classified into three categories: metabolic and CV, endocrine and neurologic conditions.
Metabolic and CV conditions
Ageing is one of the most important unmodifiable risk factors for the development of metabolic disorders and CV diseases. Accordingly, the common algorithms for the estimation of risk of forthcoming diabetes or CV events include age as a factor of the equations (24) (25) (26) (27) (28) (29) . The weight attributed to age for estimating the risk in these equations is often so significant that younger men are automatically considered at low risk, irrespective of the other possible risk factors. However, even in younger subjects, overlooking the contribution of cardio-metabolic factors to pathogenesis of ED is a mistake that can lead to the loss of the opportunity of early recognition of patients who deserve a change in life-style or a pharmacological correction of risk factors. ED, besides being considered one of the clinical manifestations of metabolic and cardiovascular diseases (CVD), is regarded as an early marker of CV events (17) . In fact, according to Montorsi's hypothesis (30) , impairment of penile artery blood flow occurs before that of coronary or carotid arteries, whose diameter is greater and needs longer time to acquire Unstandardized coefficients and 95% confidence interval for the relationship with erectile dysfunction a clinically relevant damage. The clinical consequence of this pathological event is that ED often manifests earlier than myocardial infarction or stroke. In particular, it has been demonstrated that ED occurs on average three years before the first major adverse CV event (MACE) (31) . Quite surprisingly, although CV risk increases with ageing, the role of ED as a harbinger of forthcoming MACE becomes progressively less evident. Data derived from almost 2,500 community-dwelling men aged 40-79 years, involved in the Olmsted County study show that ED is associated with an almost 50-fold higher risk of incident heart diseases in men aged 40-49 years, whereas the difference in risk between ED and non-ED men progressively declines in older men (32) . The different CV risk associated with ED in different age bands has been confirmed by the meta-analysis of the available longitudinal studies (33) . These observations suggest that, in younger men, the role of ED as a marker of CV risk is even more dramatic than in older ones and as a consequence, investigating the presence of metabolic or CV conditions in younger ED patients is pivotal for identifying men in whom an early life-style modification may avoid serious CV consequences. Even more than erection during sexual intercourse, erection during masturbation is considered a physiologic function that mirrors metabolic and CV health. In fact, erections during masturbation are far less affected by relational and psychological components than sex-related ones (34) . In a population of subjects attending the Sexual Medicine and Andrology Unit of the University of Florence for sexual dysfunction, more than 2,500 men reported autoeroticism in the previous 3 months. Among these men, the impairment of erection during masturbation was associated with family and personal history of CVD (35) , as well as with impaired response to the test with the intracavernous injection (ICI) of prostaglandin E 1 , which suggests an arteriogenic damage of penile arteries and predicts forthcoming MACE (36) . For a subset of these men (n=862), information on the occurrence of MACE during a mean follow-up of 4.3 years was available and those who reported impaired erections during masturbation had a significantly higher incidence of MACE (35) . However, when considering separately younger and older men, this association was confirmed only in younger ones, and it was still significant after excluding men reporting severe ED during masturbation (35) . This suggests that the impairment of erection during masturbation is a symptom not completely overlapping with sex-related ED and that it can provide different and supplementary information, in particular when assessed in younger and apparently healthy men. Similarly to what is observed for erection during masturbation, acceleration of blood in penile arteries, as measured by the colour Doppler ultrasound in flaccid conditions, is associated with an adverse CV profile in men consulting for ED. A reduction in flaccid acceleration, which can be used by clinicians to objectively verify the arteriogenic origin of ED and to characterize the extent of a self-reported symptom, has been also associated with a future risk of CV events, with the association being significant in younger but not in older men (37) .
These findings demonstrate the importance of recognizing a possible organic component of ED even in younger men. In fact, in younger, more than in older men, who are by definition at high CV risk, searching for signs of metabolic or CV disorders can help identify those men who apparently healthy, have subtle and subclinical conditions that can be treated before the damage becomes clinically overt.
Unconventional CV risk factors, such as impaired erections during masturbation and reduced flaccid acceleration, are interesting parameters to implement in Sexual Medicine context, because they can help fill the gap of information on CV risk, left by the conventional risk factors (the so-called residual risk) (38) . However, it should be recognized that not all the healthcare professionals who deal with the complaint of ED (i.e., general practitioners, diabetologists, cardiologists, sport physicians, nurses, etc.) have the facilities or competence for the specific assessment of these parameters. In contexts different than Sexual Medicine and Andrology, the assessment of conventional risk factors is certainly more convenient. Metabolic syndrome (MetS) represents a cluster of metabolic derangements easily and commonly evaluated in several different medical contexts. In a population of more than 600 subjects attending the Sexual Medicine and Andrology Unit of the University of Florence for ED, the presence of MetS was associated with an increased incidence of MACE during 4.3 years of follow-up in younger (first tertile of age: 18-52 years) (Figure 3 , Panel A and B) but not in middle aged and older men (second and third tertiles of age: 53-60 and 61-88 years, respectively) ( Figure 3, Panel B) . Similar to MetS, the algorithms for estimating the risk of developing MACE are easily computed and they take into account factors largely available in a clinical setting. In Europe, the most commonly used algorithm is the SCORE, which takes into account age, smoking habits, systolic blood pressure and total cholesterol (26) . These parameters are introduced in a calculation tool that returns the 10-year risk of developing the first MACE. The same estimated risk rate can obviously be derived from different combinations and extent of the single risk factors and, as aforementioned, age has a heavy weight in the amount of risk, even when the other parameters are normal. For overcoming this overestimation, the concept of vascular age, based on the predicted CV risk, has been introduced. Vascular age of a subjects with a specific CV risk profile corresponds to the chronological age of a subjects who has the same estimated risk but only due to chronological age, because of the absence of the other modifiable risk factors (i.e., a non-smoker, normotensive and normocholesterolemic subject) (39, 40) . Vascular age carries the advantage of easily and directly communicating the concept of high relative risk to patients, in particular to younger ones, who are by definition at low absolute risk ("Your CV risk is the same of a man that is 15 years older than you"). Based on this interesting and useful concept of vascular age, we recently studied the clinical consequences of having a high discrepancy between the estimated vascular and the actual chronological age in our population of men consulting for ED. In our sample, a greater difference between vascular and chronological age was associated with higher glucose and triglyceride levels as well as with impaired penile colour Doppler ultrasound parameters, suggesting a CV impairment (41) . When evaluating the subset of men for whom information on incident MACE during a mean follow-up of 4.3 years was available, a greater difference between vascular and chronological age was associated with the incidence of MACE in younger, but not in older men (42) .
Once observed that the organic component of ED is the most important one in younger patients (Figure 2) , the summarized evidence underlines that metabolic and CV risk must not be underestimated in younger men even when they are apparently healthy. In fact, it is particularly in these men that recognizing the presence of risk factors can help in changing life-style, thus really changing the natural history of metabolic and CV diseases. In older men the damage is often already established and the identification of further risk factors usually does not add information to the estimation of CV risk. ED is a symptom that can provide a chance for both the patients and physicians to unearth the presence of CV risk factors and improve both the quality and length of life of these men.
Endocrine disorders
Erectile function can be impaired in several endocrine disorders and treating these conditions can improve ED (43) . This is the case of adrenal insufficiency, whose treatment with glucocorticoid and mineralocorticoid replacement is able to improve erectile function (44) . Similarly, an adequate control of thyroid function in hyper-and hypothyroid patients is associated with an improvement in ED (45, 46) . However, although ED is a common complaint in subjects with Addison's disease, hypo-and even more hyperthyroidism (45) (46) (47) (48) , the prevalence of these disorders is subjects with ED is not so high for recommending the routine screening of adrenal and thyroid hormone in these men (49) . In contrast with the low prevalence of adrenal or thyroid disturbances in ED subjects, testosterone (T) deficiency is frequently found in subjects with ED (49, 50) and, in turn, low T is frequently associated with the occurrence of sexual dysfunctions, including ED, even in general population (51) . Accordingly, the Fourth ICSM recommends the routine assessment of T levels in patients with ED (43) . The assessment of prolactin (PRL) in ED patients is controversial because an actual pathological increase in PRL levels (severe hyperprolactinemia: prolactin ≥735 mU/L or 35 ng/mL) is rarely found in ED men (52) . Furthermore, the role of PRL in inducing ED is still not clarified. Hyperprolactinemia has been consistently associated with loss of sexual desire (43, 53) and development of hypogonadotropic hypogonadism, both conditions that can in turn induce ED. However, a direct role of high PRL levels in inducing an impairment of erectile function is not consistently proven (52, 54) and, conversely, more recent evidence suggests that lower, rather than higher, PRL levels are associated with impaired erectile function (55) (56) (57) . For these reasons, at present, the assessment of PRL levels in subjects with ED is not routinely recommended (43) and it could be advisable only in men with hypogonadotropic hypogonadism, as a possible cause of this condition.
In summary, in subjects with ED, T is the only hormone whose measurement is recommended. T levels progressively decline with ageing (58) and the clinical significance of this decline is still uncertain (59) . Conversely, low T levels in young men, although less frequent, are of particular importance.
Similar to the general population (58), in subjects consulting for sexual dysfunction, T deficiency is progressively more prevalent as a function of age (50) . In a series of 4,890 subjects consulting our Sexual Medicine and Andrology Unit for sexual dysfunction, one in five (19.6%) and one in three (29.4%) patients have total T below 10.4 and 12 nmol/L, respectively (60) . Clinical correlates of T deficiency show different figures according to patient's age. In fact, we previously demonstrated that in the youngest quartile (17-42 years old), but not in the oldest one (62-88 years old), severity of reported ED and penile blood flow impairment (dynamic peak systolic velocity) were not associated to decreasing testosterone levels (50) . It is possible to speculate that, in young individuals, intercourserelated penile erection is such a complex phenomenon that other determinants (i.e., intrapsychic or relational) might mask its androgen regulation and that T deficiency produces greater sexual disturbances in subjects with greater frailty, such as older individuals. However, reported frequency of spontaneous erection and sexual thoughts were significantly decreased as a function of T decline even in younger subjects (50) . Moreover, in young individuals low T was associated with a worse metabolic profile, including hypertriglyceridemia and increased waist circumference (50) . Accordingly, the prevalence of MetS in the youngest quartile was clearly associated with T deficiency, as it was in the older quartiles (50) . Therefore, T deficiency must be accurately verified in all subjects consulting for sexual dysfunction, even in the youngest ones.
Diagnosing T deficiency in young individuals is not difficult; however, blood sampling must be performed in the early morning, because of a circadian decline later on during the day (61) .
Since the decrease in T levels is often a consequence of obesity or weight gain (51), the milestone of treating testosterone deficiency in obese men is encouraging substantial lifestyle changes, including physical activity and weight loss. In fact, it is universally recognized that a low calorie diet or bariatric surgery can induce a significant increase in T plasma levels, reaching 10 nmol/L with the most invasive surgical procedures (62) . Weight loss-induced T rise is more evident in young individuals (62) , and, therefore, it must be strongly recommended in this age band.
Pharmacological treatment of T deficiency in the young essentially relies on the site of origin of the dysfunction: the testis (primary hypogonadism) or the hypothalamicpituitary region (secondary hypogonadism). In the case of primary hypogonadism, the only available treatment is T replacement therapy (TRT). In secondary hypogonadism, patient needs dictate the therapy. If fertility is requested, gonadotropin is the only option, with the caveat of antiestrogens in selected cases. If fertility is not an issue, TRT is again the primary choice (63) .
Neurologic conditions
Neurologic illnesses leading to ED have been recently reviewed (64) . The most common of them (i.e., consequences of prostatic surgery, stroke and Parkinson's disease) are not typical of younger age and, similarly to conditions less common but more typical of younger men, such as spinal cord injury, multiple sclerosis and spina bifida, the clinical features of the underlying disease are clearly apparent, being ED one of the multiple manifestations, rather than a harbinger of a subtle condition. Diagnosis of neurologic origin of ED is often quite simple, based on medical history and physical exam. The clinical management is a multidimensional and coordinated work of rehabilitation and medical therapy, which includes ICI injection of vaso-relaxant drugs, vacuum device and surgery (64) .
Intrapsychic component
The association between psychiatric conditions and sexual dysfunctions, including ED, is well known. Data from population-based studies demonstrate a cross-sectional association between depressive symptoms and ED (65) (66) (67) (68) and, among men seeking medical care for ED, depression is significantly associated with a greater severity of the impairment in erectile function (69, 70) . A meta-analysis of the available prospective studies has shown the role of depression as a significant risk factor for development of ED (71) . However, the relationship seems to be bidirectional, as also ED has been associated with the occurrence of depression (72) . In addition, treatment with PDE5i is related with an improvement in depressive symptoms (72) . Most of this evidence comes from studies not specifically designed for the assessment of this relationship in younger men. However, few studies available in younger populations seem to confirm these results. In an internet-based survey, involving more than 800 North American medical students with a mean age of 25.7 years, ED was reported by 13% of them and it showed a significant association with depressive symptoms, whose frequency got higher as a function of ED severity (73) . In a population of more than 2,500 very young Swiss men, aged 18-25 years, participating to a survey on sexual function while attending the medical screening for the evaluation of military capability, ED had a prevalence of 30%. Among the possible correlated conditions, mental health showed an independent association, besides the use of medications without medical prescription, a shorter sexual lifespan and impaired physical health (74) . The results from this Swiss study were then prospectively extended on a sample of 3,700 men evaluated at baseline and 15.5 months later (75) . Among a number of different possible predictors, including life-style, drug abuse, perceived physical fitness and BMI, only perceived impairment in mental health and depression, either newly occurred or continuously present, were associated with both persistence and development of ED (75) . In a retrospective population-based study from Finland, involving almost 3,500 men aged 18-48 years, the role of depression as a significant predictor for ED was confirmed, but this study also showed that anxiety plays a significant role and that ED is significantly less frequent in men with a longer lasting sexual life, thus underlining the positive role of sexual experience and self-confidence (76) . Anxiety is often involved in the pathogenesis of ED at the beginning of sexual life. In fact, anxiety can lead to an excessive focus on quality of erection, thus providing a cognitive distraction that negatively affects the arousal and consequently the erection itself (77) (78) (79) . On the other hand, anxiety can result from one or more sexual failures, with loss of sexual confidence, increasing fears and avoidance for sexual experiences that, in the end, lead to an increased probability of new failures, thus creating a vicious circle (77) . Cognitive distraction could be also provided by excessive worry for physical, and in particular genital, self-image. In fact, it has been proposed that when most mental energy is focused on monitoring body, psychological resources are distracted from sex, resulting in an impaired functioning (80, 81) . In line with this cognitive explanation, a recent study conducted on 367 military personnel younger than 40 years showed that a deteriorated genital self-image is associated with sexual anxiety which, in turn, is associated with a higher probability of sexual dysfunction (82) .
If on one hand, depression and anxiety can lead to ED, drugs commonly used for their treatment can cause ED, as well. Sexual dysfunctions are common side effects of several psychotropic drugs that can disrupt sexual health by several different mechanisms (83) . In particular, ED has been reported in subjects using serotonin selective re-uptake inhibitors (SSRI), lithium and benzodiazepines (83) . SSRI are associated with a broad spectrum of sexual dysfunctions, but the most commonly reported complaints are delayed ejaculation or anorgasmia and reduced sexual desire (84) . Several mechanisms could be advocated including the agonist effect on serotonin receptors type 2 and the increase in PRL levels. ED is a frequent complaint as well (84, 85) . The relationship between the use of SSRI and ED can be secondary to loss of sexual desire but SSRI, in particular paroxetine, are also able to inhibit cholinergic receptors and nitric oxide synthase (86) . In addition, it has been observed that SSRIs might down-regulate hypothalamic-pituitarytestis axis in depressed men (87) .
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Relational component
The relationship between ED and couple relation impairment is well documented. In our population of subjects consulting for sexual dysfunction, subjects reporting conflicts within the couple were characterized by a broad spectrum of sexual symptoms, including a severe extent of ED, and they had a higher SIEDY Scale 2 score, indicating a strong relational component in the pathogenesis of ED (88) . If on one hand, it is easy to understand that problems in couple relationship can cause ED, the other way around is also feasible. In the Female Experience of Men's Attitudes to Life Events and Sexuality (FEMALES) study, 292 female partners of men aged more than 20 years complaining for ED were involved in a survey assessing the quality of their sexual experience (89) . In this study, women reported a significant deterioration of satisfaction for sexual intercourse after the onset of ED in their partners. The satisfaction, sexual desire, arousal and orgasm were then improved in women whose partner used PDE5i (89) . The role of ED as a risk factor for female dysfunction, including impairment in arousal, orgasm, sexual satisfaction and sexual pain, has been also confirmed in a study involving 632 sexually active couples, whose male partner age ranged 18-80 years (90) .
The improvement of both man and woman sexual function in couples whose male partner is treated with PDE5i has been further confirmed by randomized clinical trials (RCTs) comparing the effectiveness of PDE5i vs. placebo in improving couple sexual function (91) (92) (93) (94) (95) . In a more recent RCT, the use of vardenafil 10 mg oral dispersible tablets has been compared to the use of the drug itself in association with cognitive behavioral sexual therapy (CBST) for 10 weeks in 30 couples with ED male partners, randomly assigned to one study arm (96) . Results from this RCT showed that vardenafil is able to improve male sexual function, but this improvement is maintained only in patients receiving both vardenafil and CBST. Furthermore, female sexual function and satisfaction are enhanced only in the arm with vardenafil and CBST combined therapy, thus suggesting that a therapy healing the couple is more effective and has a longer-lasting efficacy than the use of a medication focusing only on ED.
Unfortunately, studies specifically considering the relationship between couple liaison and ED in younger men are not available. Although the aforementioned studies include also young men, thus making their results theoretically applicable even in this specific group, it should be recognized that mean age of men enrolled is usually shifted toward the middle-age, rather than younger age. It is conceivable that couple relationship can act differently in younger men because it could show peculiar characteristics likely affecting ED onset, maintenance, resolution or responsiveness to therapies, including the short duration, lack of experience in both the partners, limited privacy, fears for emotional involvement or worry for undesired pregnancies.
Conclusions
Although few studies specifically evaluated the clinical characteristics of ED in younger men, this problem is increasingly frequent. Healthcare professionals both inside and outside of Sexual Medicine are likely to deal with young men complaining for ED and it is important that basic knowledge on this topic is available. In fact, young men reporting ED risk being dismissed without any specific medical assessment, including medical history or physical exam, owing to the assumption that ED in younger is a self-limiting condition, without any clinical consequence. However, evidence shows that, similar to middle-aged or older men, ED can be the consequence of the combination of organic, psychological and relational factors and all these components must be assessed for a correct clinical management. In particular, ED in younger, even more than in older men, can be considered a harbinger of CVD and it offers the unique opportunity to unearth the presence of CV risk factors, thus allowing effective and high quality preventive interventions.
